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(57) Abstract 

Compounds of formula (I) , 
and salts thereof, wherein: R l is I ^{CH 2 ) n 

Ci-C 6 alkyl, C3-C7 cycloalkyl. m X 

C3-C7 cycloalkyl(Ci-C4)alkyl, 
aryl or aryl(C|-Gi)alkyl; wherein —1 
the C1-C6 alkyl group is ** 
optionally substituted by fluorine 
and the C3-C7 cycloalkyl or 

C3-C7 cycloalkyl(Ci-C4)alkyl /— \ 
group is optionally substituted in f \ 

the cycloalkyl ring by up to two — N 

substituents each independently v 
selected from halo, C1-C4 
alkoxy or halo(Ci-C4)alkoxy; 
R 2 is phenyl optionally 
substituted with one or two halo 
substituents or is indolyl, thieny], 
benzothienyl or naphthyl; R 3 
is NH 2 , -NR 4 S0 2 (Ci-C 6 alkyl), 
-NR 4 S0 2 aryl, -NR'SOzNCR 4 )* 

-NR 4 C0(Ci-C6 alkyl). -NR^O aryl or a group or formula (a) wherein W is O, NR 5 . CH(OH), CHC0 2 H, CHN(R 4 ) 2 , CHF, CF 2 , C-0 or 
CH 2 ; R 4 is H or C|-C 6 alkyl; R 5 is H, Ci-Ce alkyl, C3-C7 cycloalkyl, C3-C7 cycloalkyKC-QOalkyl, C 2 -C 6 alkanoyl, C 4 -C 8 cycloalkanoyl, 
C3-C7 cycloaIkyl(C2-C6)alkanoyl, aryl CO-, C]-C6 alkyl S02-, (R 4 ) 2 NS0 2 -, C3-C7 cycloalkyl S0 2 -, C3-C7 cycloalkyl(Ci-C6)alky1-S02- or 
aryl S0 2 -; X is CH 2 or C-O; m is 0, 1 or 2 with the proviso that m is not O when W is NR 5 , C-O, or O; and n is an integer of from 1 10 
4. are neurokinin receptor antagonists of utility in the treatment of a variety of medical conditions including urinary incontinence, asthma 
and related conditions. 
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5-AZA8ICYCL0(3.L0)HEXYULKYL-2-PIPERID0NES AND -GLUTARIMIDES AS NEUROKININ 
RECEPTOR ANTAGONISTS 

This invention relates to piperidone derivatives which are neurokinin receptor 
5 antagonists of utility in the treatment of a variety of medical conditions including, 
for example, urinary incontinence, asthma and related conditions. More 
particularly this invention relates to certain 5-aryI-5-(azabicyclo[3,1.0]hexane 
alkyl)-N-substituted-piperidone derivatives, to processes for their preparation, 
compositions thereof and their use in medicine. 

10 According to the specification of our co-pending International patent 
application WO 96/05193 we describe and claim a series of 5-aryl-5- 
azetidinylalkyl-piperidone derivatives. The compounds are antagonists of 
tachykinins, including neurokinin A, neurokinin B and Substance P, acting at the 
human neurokinin-1 (NKi), neurokinin-2 (NK 2 ) or neurokinin-3 (NK3) receptor, and 

1 5 are therefore potentially useful for preventing or treating a variety of medical 
conditions in which these receptors have been implicated, including inflammatory 
diseases such as arthritis, psoriasis, asthma or inflammatory bowel disease; 
central nervous system disorders such as anxiety, depression, dementia or 
psychosis; gastro-intestinal disorders such as functional bowel disease, irritable 

20 bowel syndrome, gastroesophageal reflux, faceal incontinence, colitis, Crohn's 
disease or diseases caused by Helicobacter pylori or other bacteria; urogenital 
tract disorders such as incontinence, hyperreflexia, impotence or cystitis; 
pulmonary disorders such as chronic obstructive airways disease; allergies such 
as eczma, contact dermatitis, atopic dermatitis, urticaria, rhinitis or 

25 hypersensitivity disorders such as to poison ivy; vasospastic diseases such as 
angina or Reynaud's disease; proliferative disorders such as cancer or a disorder 
involving fibroblast proliferation; fibrosing or collagen diseases such as 
scleroderma or eosinophilic fascioliasis; reflux sympathetic dystrophy such as 
shoulder/hand syndrome; addiction disorders such as alcoholism; stress-related 

30 somatic disorders; peripheral neuropathies such as diabetic neuropathy, 

neuralgia, causalgia, painful neuropathy, burns, herpetic neuralgia or post herpetic 
neuralgia; neuropathoiogical disorders such as Alzheimer's disease or 
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multiple sclerosis, disorders related to immune enhancement or suppression such 
as systemic lupus erythematosis; rheumatic diseases such as fibrositis or emesis; 
opthalmic diseases such as retinopathy; viral diseases such as colds and 
5 influenza; cough;acute or chronic pain or migraine. 

The present invention provides a further series of related compounds 
wherein the piperidone-5-substituent is an azabicyclo [3.1.0]hexanealkyl-group. 
Also claimed are the corresponding di-one (glutarimide) derivatives. The 
compounds are potent and selective antagonists of tachykinins including 

10 neurokinin A, neurokinin B and substance P, active at the human NKi, NK 2 and 
NK 3 receptors and they thus have potential utility in any of the disease states 
indicated above including, in particular treating or preventing inflammatory 
diseases such as arthritis, psoriasis, asthma or inflammatory bowel disease; 
central nervous system disorders such as anxiety, depression, dementia or 

15 psychosis; gastro-intestinal disorders such as functional bowel disease, irritable 
bowel syndrome, gastroesophageal reflux, faecal incontinence, colitis or Crohn's 
disease; urogenital tract disorders such as incontinence or cystisis; pulmonary 
disorders such as chronic obstructive airways disease; allergies such as eczema, 
contact dermatitis or rhinitis; hypersensitivity disorders such as to poison ivy; 

20 peripheral neuropathies such as diabetic neuropathy, neuralgia, causalgia, painful 
neuropathy, burns, herpetic neuralgia or post-herpetic neuralgia; cough or acute 
or chronic pain. 

Thus, the present invention provides compounds having the formula: 

25 




30 

(I) 
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and pharmaceutical^ acceptable salts thereof, wherein: 

R 1 is CrC 6 aikyl, C 3 -C 7 cycloalkyl, C 3 -C 7 cycloalkyI(C r C 4 )alkyl r aryl or aryl- 
(C r C 4 )alkyl; wherein the C r C6 aikyl group is optionally substituted by one or more 
5 fluorine atoms and the C 3 -C 7 cycloalkyl or C 3 -C 7 cycloalkyl(C r C 4 )alkyl group is 
optionally substituted in the cycloalkyl ring by up to two substituents each 
independently selected from halo, d-C 4 alkoxy or halo(CrC 4 )alkoxy; 

R 2 is phenyl optionally substituted with one or two halo substituents or is 
indolyl, thienyl, benzothienyi or naphthyl; 
10 R 3 is NH 2l -NR 4 S0 2 {C r C 6 aikyl), -NR 4 S0 2 aryl, -NR 4 S0 2 N(R 4 ) 2 , 

-NR 4 CO(Ci-C 6 aikyl), -NR 4 CO aryl or a group of the formula: 

— N W 

Wh 2 )„ 

15 

wherein W is 0, NR 5 , CH(OH), CHC0 2 H, CHN(R 4 ) 2) CHF, CF 2 , C = 0 or CH 2 ; 
R 4 is H or C r C 6 aikyl; 

R 5 is H, CrC 6 aikyl, C 3 -C 7 cycloalkyl, C 3 -C 7 cycloalkyl(C r C 6 )alkyl, C 2 -C 6 
alkanoyl, C 4 -C 8 cycloalkanoyl, C 3 -C 7 cycloalkyl(C2-C 6 )alkanoyl, aryl CO-, 
20 C r C 6 aikyl S0 2 -, (R 4 ) 2 NS0 2 -, C 3 -C 7 cycloalkyl S0 2 -, C 3 -C 7 cycloalkyl- 
(CrCe )alkyl S0 2 - or arylS0 2 -; 
X is CH 2 or C = 0; 

m is 0, 1 or 2 with the proviso that m is not 0 when W is NR 5 , C=0, or O; 
and n is an integer of from 1 to 4. 

25 

In the above definitions of R 1 , R 3 and R 5 , aryl means phenyl optionally 
substituted by halo, C r C 4 aikyl, d-C 4 alkoxy, halo(C r C 4 )alkyl or 
halo(d-C 4 Jalkoxy, and halo means fluoro, chloro, bromo or iodo. Aikyl and 
alkoxy groups containing three or more carbon atoms may be straight or 
30 branched-chain. 

The pharmaceutical^ acceptable salts of the compounds of the formula (I) 
include the acid addition and the base salts thereof. Suitable acid addition salts 
are formed from acids which form non-toxic salts; examples are the hydrochloride, 
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hydrobromide, hydroiodide, sulphate, hydrogen sulphate, nitrate, phosphate, 
hydrogen phosphate, acetate, maleate, fumarate, lactate, tartrate, citrate, 
gluconate, succinate, benzoate, methanesulphonate, benzenesulphonate and jj- 
5 toluenesulphonate salts. Suitable base salts are formed from bases which form 
non-toxic salts; examples are the aluminium, calcium, lithium, magnesium, 
potassium, sodium, zinc and diethanolamine salts. 

The compounds of the formula (I) may contain one or more asymmetric 
carbon atoms and may therefore exist in two or more stereoisomeric forms. The 
10 present invention includes the individual stereoisomers of the compounds of the 
formula (I) and mixtures thereof. Separation of diastereoisomers may be 
achieved by conventional techniques, e.g. by fractional crystallisation or 
chromatography of a stereoisomeric mixture of a compound of the formula (I) or a 
suitable salt or derivative thereof. 
15 Preferred examples of the compounds of the formula (I) are those wherein X 
is CH 2l R 1 is cyclopropylmethyl or benzyl; R 2 is 3,4-dichlorophenyl, n is 2 and R 3 is 
morpholino, methanesulphonylamino, pentafluorophenylsulphonyl, 
fluorophenylsulphonyl, or fluorophenylcarboxamido. 

The preferred compounds of the formula (I) and salts thereof where n is 2 
20 have the (S)-stereochemistry at the position of attachment of the alkylene and R 2 
groups to the pyridone ring. 

Particular and preferred examples of compounds of the invention include: 
5(S)-5-(3 ) 4-dichlorophenyl)-1-(cyclopropylmethyl)-5-(2-[1a l 5a,6a,6-morpholino-3- 
azabicyclo[3.1,0]hexane]ethyl)-2-piperidone. 



The compounds of the formula (I) provided by this invention can be prepared 
by reductive amination using as starting materials a compound of the formula:- 



25 




r 2 (C 0 -C 3 alkylene)CHO 
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where R 1 , R 2 and X are as previously defined for a compound of the formula (I), 
and a compound of the formula: - 



5 




or an acid addition salt thereof, where R 3 is as previously defined for a compound 
10 of the formula (I). The reaction is preferably carried out in the presence of a 
suitable acid, e.g. acetic acid. 

The reaction proceeds via the initial formation of an intermediate iminium salt 
of the formula: 



15 




0 



(IIIA) 

which may stable and isolatabfe. The reaction is preferably carried out without 
25 isolation of the intermediate of the formula (IIIA) in which case it is reduced in situ 

to provide a compound of formula (I). 

In a typical procedure, an aldehyde of the formula (II) is first reacted with a 

compound of the formula (III) in a suitable solvent, e.g. tetrahydrofuran, and the 

mixture then treated with a suitable reducing agent, e.g. sodium triacetoxy- 
30 borohydride or sodium cyanoborohydride, in the presence of a suitable acid, e.g. 
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acetic acid, to give the required product. If an acid addition salt of a compound of 
the formula (III) is used as a starting material, a suitable acid acceptor, e.g. 
triethylamine, can be added prior to the addition of the reducing agent. The 
5 reaction is typically carried out at room temperature. 

The starling aldehydes or the formula (II) wherein X is CH 2 can be prepared 
by the method shown in the Scheme I and the aldehydes of the formula (II) 
wherein X is C=0 by the method shown in Scheme 2: 
10 SCHEME I 



R 2 CH 2 CN 

l) Base 



2) Z(C 0 -C 3 alkylene 



0-^ 



(C 0 -C 3 alkykne) (^J 



nc' h 



(TV) 



(V) 



(VI) 



1) Base 

2) Z 1 (CH^COzCCrQ alkyl) 

3) Hydrolysis 
(C 0 "C 3 alkylene) ( | 

NC ^(CH 2 )jC0jH 



Reduction 



(vn) 



(vm) 



(continued) 
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SCHEME I (continued) 



EN 




0^ 



1) Base 

2) R 1 Z J 



&\MC 0 -C 3 alkylene) ( \ 



(IX) 



(X) 



H 



^\ /( c O'Qj alkylene)CHO 
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SCHEME2 



(C 0 -C 3 alkylene)CH=eH, 



(XI) 



0 



0 



\ /(C 0 -C 3 aIkylene)CH=CH, 




H 



Y 

o 



R J -X 



(XII) 



R (C 0 -C 3 aIkylene)CH=CH 2 



O 




0 



0, 



(XIII) 



R (C 0 -C 3 alkylenc)CHO 



N 



/ 



0 



(II) 
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where R 1 and R 2 are as previously defined for a compound of the formula (I) and 
Z, Z 1 and Z 2 are each a suitable leaving group, e.g. chloro, bromo, iodo, 
methanesulphonyloxy, p-toluenesulphonyloxy or trifluoromethylsulphonyloxy. 

In a typical procedure, an arylmethylnitrile of formula (IV) is first 
deprotonated using a suitable base, e.g. sodium hydride or lithium hexamethyl- 
disilylazide, and then alkylated in situ with an alkylating agent of the formula (V) 
where Z is preferably bromo. The reaction is typically carried out in a suitable 
solvent, e.g. tetrahydrofuran, at about 5°C for the deprotonation and at about 
room temperature for the alkylation. The acetonitrile derivative of the formula (VI) 
that is produced is then first deprotonated using a suitable base, e.g. lithium 
diisopropylamide or lithium hexamethyldisilylazide, and then alkylated in situ with 
a compound of the formula (VII) where Z 1 is preferably bromo. The reaction is 
typically carried out in a suitable solvent, e.g. tetrahydrofuran, at about 5°C, 
warming to about room temperature to complete the reaction. Tetra-n- 
butylammonium iodide can optionally be added following addition of the 
compound of the formula (VII) to increase the rate of reaction. Finally an aqueous 
base is added e.g. sodium hydroxide, to produce the carboxylic acid of formula 
(VIII). The product can be resolved at this stage, if desired, for example by 
fractional crystallisation of an optically active salt. 

The compound of the formula (VIII) prepared is then reduced and cyclised to 
a pyridone of the formula (IX) under suitable conditions, e.g. using platinum oxide 
under an atmosphere of hydrogen at atmospheric pressure and room temperature 
using glacial acetic acid as the solvent 

The pyridone of the formula (IX) is then first deprotonated using a suitable 
base, e.g. potassium hydride, and then N-alkylated in situ with a compound of the 
formula R 1 Z 2 where Z 2 is preferably bromo, methanesulphonyloxy or p- 
toluenesulphonyloxy. The reaction is typically carried out in a suitable solvent, 
e.g. dimethylsulphoxide, and at about room temperature. 

The product of the formula (X) produced is then treated with aqueous 
hydrochloric acid in a suitable solvent e.g. tetrahydrofuran, to remove the 
dioxolane protecting group and yield the aldehyde product of formula (II). 
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Compounds of the formula (II) wherein X is C = 0 may be prepared in a 
similar manner by cyclisation of a 4-cyano-4-aryl-hept-6-enoic (XI), prepared as 
described in WO 96/05193, followed by N-alkylation and ozonolysis of the 
5 resulting 3-allyl-glutaramide (XIII). 

Preparation of the azabicyclo[3.1.0]hexane starting material of formula (III) 
wherein R 3 is t-butoxycarbonylamino is described in WO93/18001. This may be 
used as starting material to prepare further intermediates of formula (III) wherein 
R 3 is as defined above. Thus for example the compound is first N-protected by 
1 0 reaction with benzylchloroformate and the t-butoxycarbonyl group removed by 
treatment with gaseous hydrogen chloride. The resulting 1-benzyloxycarbonyl- 
1a,5a,6a,6-amino-3-azabicyclo[3.1.0]hexane may then be reacted to introduce 
various R 3 substituent groups. Thus for example reaction with bis-chloroethyl 
ether and tetra-n-butylbromide by refluxing in dioxan in the presence of sodium 
1 5 hydroxide solution yields 1 -benzyloxycarbonyl-1 a,5ct,6a,6-morpholino-3- 

azabicyclo[3.1 .0]hexane. Removal of the benzyloxycarbonyl group by catalytic 
hydrogenation yields the compound of formula (III) when R 3 is a morpholino 
group. 

20 As an alternative to the above process, in the case of the compounds of 
formula (I) wherein R 3 is NH 2 , they may be obtained, for example from the 
corresponding compound of formula (I) wherein R 3 is t-butoxycarbonylamino by 
deprotection, using for example trifluoroacetic acid. This process may be adapted 
to use other amino-protected groups present as the R 3 substituent and 

25 appropriate protecting groups and methods for their removal will be well known to 
those skilled in the art. This product may be used in turn to prepare further 
compounds of formula (I). Thus for example in the case of compounds of the 
formula (I) wherein R 3 is -NR 4 S0 2 (CrC 6 alkyl), -NR 4 S0 2 aryl f -NR 4 CO(C r C 6 alkyl) 
or NR 4 COaryl, the compounds may be prepared from the corresponding 

30 compound where R 3 is NH 2 by sulphonylation or acylation with the appropriate 
suiphonylchloride or acylchloride. Thus for example reaction of the compound of 
formula (I) wherein R 3 is NH 2 with a C r C 6 alkyl or aryl-sulphonylchloride gives the 
corresponding compound of formula (I) wherein R 3 is NH-S0 2 (CrC 6 alkyl) or 
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NHS0 2 aryL The reaction is typically conducted in an organic solvent such as 
dichloromethane in the presence of an acid acceptor such as triethylamine and is 
generally complete after several hours at room temperature. Similarly reaction of 
5 the amine of formula (I) wherein R 3 is NH 2 with a C r C 6 acyl or aroylchloride gives 
the corresponding compounds of formula (I) wherein R 3 is NHCO(C r C 6 alkyl) or 
NHCO aryl. Alkylation of the above products, for example using a C-C 6 alkyl 
bromide yields the corresponding compounds wherein R 4 is C r C 6 alkyl. 

10 All of the above reactions and the preparations of novel starting materials 
used in the preceding methods are conventional and appropriate reagents and 
reaction conditions for their performance or preparation as well as procedures for 
isolating the desired products will be well known to those skilled in the art with 
reference to literature precedents and to the Examples and Preparations hereto. 

15 

A pharmaceutical^ acceptable acid addition or base salt of a compound of 
the formula (I) may be readily prepared by mixing together solutions of a 
compound of the formula (I) and the desired acid or base, as appropriate. The 
salt may precipitate from solution and be collected by filtration or may be 
20 recovered by evaporation of the solvent. 

The high activity of the compounds of the invention as neurokinin receptor 
antagonists is demonstrated by the following procedures: 

The affinity of the compounds of formula (I) and their salts for the human 

25 NK1 receptor can be tested in vitro by measuring their ability to inhibit [ 3 H]- 
Substance P binding to membranes prepared from the human IM9 cell line 
expressing the human NK1 receptor using a modification of the method described 
in McLean, S. et al , J. Pharm. Exp. Ther., 267, 472-9 (1993) in which, instead of 
using whole cells, the cells are homogenised using a tissue homogeniser, and the 

30 particulate fraction is pelleted by centrifugation and washed three times with buffer 
prior to resuspension of the membranes. 
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The affinity of the compounds of formula (I) and their salts for the human 
NK 2 receptor can be measuring in vitro by testing their ability to compete with [ 3 H] 
or [ 125 I]NKA (neurokinin A) for binding to membranes prepared from Chinese 
hamster ovary cells expressing the cloned human NK 2 receptor. In this method, 
washed Chinese hamster ovary cell membranes are prepared as described for the 
previous method where IM9 cells are used instead. The membranes are 
incubated (90 min, 25°C) with [ 125 l] NKA and a range of concentrations of the test 
compound. Non-specific binding was determined in the presence of lOfiM NKA. 

The NK 2 receptor antagonist activity of the compounds of the formula (I) can 
also be measured, in vitro , by testing their ability to antagonise the contractile 
effects of the selective NK 2 receptor agonist [(3Ala 8 ]NKA {4 -io) (Rovereo; P.- et_al, 
Neuropeptides, 13, 263-270, 1989) in the rabbit pulmonary artery, using the 
method of Patacchini and Maggi, Eur. J. Pharmacol., 236, 31-37 (1993). 

The compounds of the formula (I) and their salts can be tested for NK 2 
receptor antagonist activity, in vivo , by measuring their ability to inhibit 
bronchoconstriction induced by [pAla 8 ]NKA (4 .i 0 ) in the anaesthetised guinea pig, 
using the method described by Murai eta|, J. Pharm. Exp. Then, 262, 403-408 
(1992) or Metcalfe eta!, Br. J. Pharmacol., 112, 563P (1 994). 

The compounds of the formula (I) and their salts can be tested for NK 3 
receptor antagonist activity, in vitro , by measuring their ability to antagonise the 
contractile effects of the selective NK 3 receptor agonist senktide in the guinea-pig 
ileum using the method of Maggi et al . Br. J. Pharmacol., 101, 996-1000 (1990). 

For human use, the compounds of the formula (I) and their salts can be 
administered alone, but will generally be administered in admixture with a 
pharmaceutical^ acceptable diluent or carrier selected with regard to the intended 
route of administration and standard pharmaceutical practice. For example, they 
can be administered orally, including sublingually, in the form of tablets containing 
such excipients as starch or lactose, or in capsules or ovules either alone or in 
admixture with excipients, or in the form of elixirs, solutions or suspensions 
containing flavouring or colouring agents. They can be injected parenterally, for 
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example, intravenously, intramuscularly or subcutaneously. For parenteral 
administration, they are best used in the form of a sterile aqueous solution which 
may contain other substances, for example, enough salts or glucose to make the 

5 solution isotonic with blood. 

For oral and parenteral administration to human patients, the daily dosage 
level of the compounds of the formula (I) and their salts will be from 0.001 to 20, 
preferably from 0.01 to 20, more preferably from 0.5 to 5 f and most preferably 
from 1 to 2, mg/kg {in single or divided doses). Thus tablets or capsules of the 

0 compounds will contain from 0. 1 to 500, preferably from 50 to 200, mg of active 
compound for administration singly or two or more at a tim9, as appropriate. In 
any event, the physician will determine the actual dosage which will be most 
suitable for an individual patient and it will vary with the age, weight and response 
of the particular patient and disease being treated. The above dosages are 

5 exemplary of the average case; there can, of course, be individual instances 
where higher or lower dosage ranges are merited, and such are within the scope 
of this invention. 



Alternatively, the compounds of the formula (I) can be administered by 
inhalation or in the form of a suppository or pessary, or they may be applied 
topically in the form of a lotion, solution, cream, ointment or dusting powder. An 
alternative means of transdermal administration is by use of a skin patch. For 
example, they can be incorporated into a cream consisting of an aqueous 
emulsion of polythylene glycols or liquid paraffin; or they can be incorporated, at 
concentration between 1 and 10%, into an ointment consisting of a white wax or 
white soft paraffin base together with such stabilizers and preservatives as may 
be required. Such formulations will be selected as appropriate to the particular 
disease being treated and mode of administration required. 

It is to be appreciated that reference to treatment includes prophylaxis as 
well as the alleviation of established symptoms of the disease. 
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Thus the invention further provides:- 

. i) a pharmaceutical composition comprising a compound of the formufa (I), or < 
pharmaceutical^ acceptable salt thereof, together with a pharmaceutical 
acceptable diluent or carrier; 

ii) a compound of the formula (l) t or a pharmaceutical^ acceptable salt or 
composition thereof, for use as a medicament; 

tii) the use of a compound of the formula (I), or of a pharmaceutical^ 

acceptable salt or composition thereof, for the manufacture of a medicament 
for the treatment of a disease by producing an antagonist effect on a 
tachykinin acting at the human NK 1( NK 2 or NKj receptor, or a combination 
thereof; 

iv) use as in (iii) where the disease is an inflammatory disease such as arthritis, 
psoriasis, asthma or inflammatory bowel disease, a central nervous system 
disorder such as anxiety,, depression, dementia or psychosis, a gastro- 
intestinal disorder such as functional bowel disease, irritable bowel 
syndrome, gastroesophageal reflux, faecal incontinence, colitis or Crohn's 
disease, an urogenital tract disorder such as incontinence, hyperreflexia or 
cystitis, a pulmonary disorder such as chronic obstructive airways disease, 
an allergy such as eczema, contact dermatitis or rhinitis, a hypersensitivity 
disorder such as to poison ivy, a peripheral neuropathy such as diabetic 
neuropathy, neuralgia, causalgia, painful neuropathy, a burn, herpetic 
neuralgia or post-herpetic neuralgia, cough or acute or chronic pain. 

v) a method of treatment, of a human to treat a disease by producing an 
antagonist effect on a tachykinin acting at the human NK 1t NK 2 or NK3 
receptor, or a combination thereof, which comprises treating said human with 
an effective amount of a compound of the formula (I) or with a 
pharmaceutical^ acceptable salt or composition thereof; 

vi) a method as in (v) where the disease is an inflammatory disease such as 
arthritis, psoriasis, asthma or inflammatory bowel disease, a central nervous 
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system disorder such as anxiety, depression, dementia or psychosis, 
a gastro-intestinal disorder such as functional bowel disease, irritable bowel 
syndrome, gastro-oesophageai reflux, faecal incontinence, colitis or Crohn's 
disease, an urogenital tract disorder such as incontinence, hyperreflexia or 
cystitis, a pulmonary disorder such as chronic obstructive airways disease, 
an allergy such as eczema, contact dermatitis or rhinitis, a hypersensitivity 
disorder such as to poison ivy, a peripheral neuropathy such as diabetic 
neuropathy, neuralgia, causalgia, painful neuropathy, a burn, herpetic 
neuralgia or post-herpetic neuralgia, cough or acute or chronic pain; 

The following Examples illustrate the preparation of the compounds of the formula 

(Or- 



is 
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EXAMPLE 1 

5(SV5-f3,4-DichlQroDhenvl)-1-fcvcloDropvlmethvlV5-f2-f1a.5g.6a-6-m 
azabicvclof3.1.01hexane1ethvn-2-DiDeridone 
5 A solution of 5(S)-1 -cyclopropylmethyl-5-(3,4-dichlorophenyl)-5-formylmethyl- 
2-piperidone (130 mg, 0.38 mmol) (see preparation 5) and 1a,5a,6oc-6- 
morpholino-3-azabicyclo[3.1.0]hexane (see preparation 4) in tetrahydrofuran was 
stirred for 30 minutes at room temperature. Sodium triacetoxyborohydride (120 
mg, 1.5 mol equivalents) and glacial acetic acid (0.021 ml) were added and the 

1 0 mixture stirred for one hour. Water (1 ml) was added followed by saturated 

sodium carbonate solution (10 ml) and the mixture extracted with ethyl acetate (3 
x 20 ml). The combined organic extracts were dried over magnesium sulphate, 
filtered, and the solvent removed from the filtrate under reduced pressure. The 
residue was chromatographed on silica gel eluting with a solvent gradient of 

15 methanol to methylene chloride (5:95, 10:90), to give the title compound (100 mg). 
TLC R F = 0.3 (silica, methanoi:dichloromethane 10:90 by volume). LRMS rn/z = 
492(m+1)\ Found: C.60.68; H.6.91; N.7.97. C26H35CI2N3O2. 0.33 CH 2 CI 2 
requires C.60.70; H.6.91 ; N r 8.07%. 1 H-NMR (CDCI3) 5 = 0.2-0.4(m,2H), 0.5- 
0.7(m t 2H), 1.0-1.05(m,1H), 1.4(s,2H), 1.6(s,2H), 1.7-1.9(m,2H), 2.0-2.2(m,6H) t 

20 2.3-2.49(m,1H), 2.5(m,4H) ( 2.8-2.9(dd,2H), 3.2(m,1H), 3.4-3.5(m,2H), 3.65(m,4H), 
3.8(d,1H), 7.1(dd,1H), 7.4(m,2H)ppm. 

EXAMPLE 2 

5(S)-5-(3.4-Dichlorophenvl)-1-(cvclopropylmethvl)-5-f2-f1a.5a.6a-6-t' 
25 butoxvcarbonvlamino-3-azabicvclor3.1.0lhexane1ethvl)-2-piDeridone 

A solution of 5(S)-1-cyclopropylmethyl-5-(3,4-dichlorophenyl)-5-formyimethyl- 
2-piperidone (1.5 g, 4.41 mmol) (see preparation 5) and 1a,5a,6a-6-t- 
butoxycarbonylamino-3-azabicyclo[3.1.0]hexane (see preparation 4) in 
tetrahydrofuran was stirred for 40 minutes at room temperature. Sodium 
30 triacetoxyborohydride (1 .4 g, 1 .5 mol equivalents) and glacial acetic acid (0.24 ml) 
were added and the mixture stirred for eighteen hours. Saturated sodium 
carbonate solution (20 ml) was added and the mixture extracted with ethyl acetate 
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(3 x 40 ml). The combined organic extracts were dried over magnesium sulphate, 
filtered, and the solvent removed from the filtrate under reduced pressure. The 
residue was chromatographed on silica gel eluting with a solvent gradient of 
5 methanol to ethyl acetate (5:95, 10:90), to give the title compound (1.1 g). TLC 
Rf= 0.1-0.2 (silica, ethyl acetate:methanol, 90:10 by volume). LRMS m/z = 522 
(m= 1)*. Found: C.61.74; H.7.47; N,7.99. CarH^CIaNaOa requires C,62.05; 

H. 7.14; N.8.04%. 1 H-NMR(CDCI 3 ) 6 = 0.2-0.4(m,2H) t 0.5-0.7(m,2H), 1.0- 

I. 05(m,1H) ( 1.3(m t 1H). 1.4(s,9H), 1.7(m,1H), !9(m,1H) t 2.0-2.2(m,8H), 2.3- 

10 2.35(m,1H), 2.65(s,1H), 29-3.0(dd f 2H), 3.1-3.2(m,1H), 3.4-3.5(m t 2H), 3.8(d,1H), 

4.4-4.6(5,^,1^, 7.1(dd,1H), 7.4(m,2H) ppm. f 

EXAMPLE 3 

5fS)-5-(3.4-Dichlo roDhenvlM-fcvclopropvlmethvlV5-f2-f1a.5a.6a-6-amino^- 
15 azabicvclof 3.1 .01hexane1ethvl^2-DiDeridone di-trifluoroacetate salt 

To a solution of the compound from example 2, (1 .0 g, 1 ,92 mmol), in 

methylene chloride was added trifluoroacetic acid (2.2 ml, 15 mol equivalents) 

with ice bath cooling. The reaction was allowed to warm to room temperature 

overnight. The reaction mixture was evaporated under reduced pressure and 
20 then re-evaporated from methylene chloride and then diethyl ether, to give a gum, 

1.2 g. TLC R F = 0.2 (silica, methylene chloride;methanol, 90:10 by volume). 

LRMS m/z = 422 (M+1) + . 1 H-NMR(CDCl 3 ) 8 = a2-0.4(m,2H), 0.5-0.6(m,2H) t 0.95- 

1.05(m,1H), t8-23(m,10H), 2.6-2. 8{m,3H), 3.0-3.3(m,3H), 3.4-3.8(m,3H), 

7.47(d,1H), 7.6(m,2H), 8.3(s t br,3H), 10(s,broad,0.5H), 10.5(s,broad,0.5H) ppm. 

25 

EXAMPLE 4 

5(S)-5-f3.4-Dichlorn phenvn-1-fcvclopropvlmethvlV5-(2-ria.5g,6a^6-amino-^- 
azabicvclof3. 1 .Olhexanelethvl V2-piperidone 

The compound from example 3 (400 mg) was dissolved in methylene 
30 chloride and washed with sodium hydrogen carbonate solution. The organic layer 
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was separated, dried over magnesium sulphate, filtered under reduced pressure 
and evaporated under reduced pressure to give a gum. This was 
chromatographed on silica eluting with a solvent gradient of methylene chloride to 
5 methanol (95:5, 90:10) to give the title compound (200 mg). TLC R F = 0.1 (silica, 
methylene chloride:methanol, 90:10 by volume). LRMS m/z = 422 (M+1) + . 
Found: C.59.27; H.6.47; N.9.58. C22H29CI2N3O. 0.25 CH 2 CI 2 requires C.59.54; 

H. 6.70; N.9.47%. 1 H-NMR (CDCI 3 ) 6 = 0.2-0.4(m t 2H), 0.5-0.7(m,2H), 1.0- 

I. 1(m ( 1H), 1.3(s,2H), 1.4-1.7(br,s,3H), 1.7-1 .8(m,1H), 1.8-1.9(m,1H), 1.9- 
10 2.2(m,6H), 2.5-2.7(m,2H), 2.8-3.0(m,2H), 3.1-3.2(m,1H), 3.4-3.5(m,2H), 3.7- 

3.9^,1^, 7.1-7.2(m,1H), 7.4(m,2H) ppm. 

EXAMPLE 5 

5(S)-5-f3.4-Dichlorophenvn-1-fcvclopropvlmethvlV5-(2-f1a.5a.6Qt-6- 

15 methanesul phonvlamino-3-azabicvclor3.1.01hexane1ethvlV2-piperidone 

To a solution of the compound from example 3 (450 mg, 0.69 mmol) and 
triethylamine (0.45 ml, 4.5 mole equivalents) in methylene chloride (15 ml) was 
added methanesulphonyl chloride (0.1 ml, 2 mol equivalents). The mixture was 
stirred for thirty minutes and stood at room temperature overnight The reaction 

20 mixture was diluted with methylene chloride and washed with water (1 5 ml). The 
organic layer was dried over magnesium sulphate, filtered under reduced 
pressure and the solvent removed under reduced pressure to give a gum. This 
was chromatographed on silica eluting with solvent gradient of ethyl acetate to 
methanol, (90:1 0, 80:20) to give the title compound as a foam (95 mg) after re- 

25 evaporation from diethyl ether. TLC R F = 0.5 (silica, methylene chloride: methanol, 
90:10 by volume). LRMS m/z = 500 (M+1f . Found: C,54.23; H,6.04; N,8.13. 
C 2 3H3iCI 2 N30 3 S. 0.5 H 2 0 requires C.54.21; H,6.33; N.8.25%. 1 H-NMR (CDCI 3 ) 6 
= 0.4-0.6(m,2H), 0.5-0.7(m,2H), 1.0-1.1(m,1H), 1 J(s,3H), 1 .8-2.4(m,9H), 
2.7(br 1 s,2H), 3.0(s,4H), 3.1-3.2(m,1H), 3.4-3.5(m,2H), 3.75(d,1H), 4.5(s,1H), 

30 7.1(m,1H) ( 7.35-7.45(m,2H) ppm. 
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EXAMPLE 6 
5(S)-5-f3.4-Dichlorophenvl)-1-(cvdoDro^ 
pentafluorophenvlsulphonYlamino-3-azabicvd^ 

To a solution of the compound from example 3 (1 .0 g, 1 .53 mmol) and 
triethylamine (0.68 ml, 3.2 mole equivalents) in methylene chloride {15 ml) was 
added pentafluorophenylsulphonyl chloride (0.49 g, 1.2 mol equivalents). The 
mixture was stirred for thirty minutes and stood at room temperature overnight. 
The reaction mixture was diluted with methylene chloride and washed with water 
(15 ml). The organic layer was dried over magnesium sulphate, filtered under 
reduced pressure and the solvent removed under pressure to give a gum. This 
was chromatographed on silica eluting with solvent gradient of ethyl acetate to 
methanol, (90:10, 80:20). The compound was triturated with ethyl acetate and 
diethyl ether and the white solid obtained filtered and discarded. The filtrate was 
evaporated and rechromatographed on silica eluting with a solvent gradient of 
methylene chloride to methanol 90:1 0. LRMS m/z = 652(M+1 ) + . Found: C,51 .83; 

H. 4.24; N.6.32. C 28 H 2a C! 2 F 5 N303S requires C.51.53; H.4.32; N.6.44%. 1 H-NMR 
(CDCI 3 )5 = 0.4-0.6(m,2H), 0.5-0.7(m,2H), 1.0-1.1(m,1H), 1.5(s f 2H) t 1.6- 

I. 9(m,2H), 1.9-2.2(m,8H), ZS-Z^m.lH), 2.5(s t 1H) t 2.9(m,2H), 3.35-3.5(m t 2H), 
3.75(d,1H), 5.3(d,1H), 7.1(m,1H) ( 7.35-7.45(m,2H) ppm. 

EXAMPLE 7 

5(S)-5-f3.4 -Dich^oroDhenv^-1-fcvclopropv^methvlV5■(2-f1a,5a,6a-6-4 , ^ 
fluoroDhenv lsulphonvlamino-3-azabicvclof3.1.0]hexane1ethvn-2-piDeridone 
To a solution of the compound from example 3 (1.0 g, 1,53 mmol) and 
triethylamine (0.86 ml, 4 mole equivalents) in methylene chloride (15 ml) was 
added 4-fluorophenylsuiphonyl chloride (0.36 g f 1.2 mol equivalents). The 
mixture was stirred at room temperature for five hours and stood at room 
temperature overnight. The reaction mixture was diluted with methylene chloride 
and washed with water (2 x 20 ml). The organic layer was dried over magnesium 
sulphate, filtered under reduced pressure and the solvent removed under reduced 
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pressure to give a gum. This was chromatographed on silica eluting with solvent 
gradient of methylene chloride to methanol, (95:5, 92:8) to give the title compound 
as a gum (140 mg). TLC R F = 0.5 (silica, methylene chloride:methanol, 90:10 by 
5 volume). LRMS m/z = 580 (M+1 ) + . Found: C,57.17; H.5.56; N,7.09. 

C 28 H 32 FCl2N 3 0 3 S. 0.25 H 2 0 requires C.57.47; H.5.60; N.7.18%. 1 H-NMR (CDCI 3 ) 
6 = 0.4-0.6(m,2H), 0.5-0.7(m,2H), t0-1.1(m,1H), 1.7(s,3H), t6-2.0(m,1H), 2.0- 
2.25(m,7H), 2.3-2.4(m,2H), 2.8-2.9(m,2H), 3.0-3.2(m,1H), 3.4-3.6(m,2H), 
3.7(d,1H), 4.6(s ( 1 H), 7.1(m,1H), 7.2-7.3(m,2H), 7.35-7.45(m,2H), 7.85-7.95(m,2H) 
10 ppm. 

EXAMPLE 8 

5fS)-5>f3,4"Dichlorophenvn-1-cvclopropvlmethvn>5-f2-ria.5a.6a-6^4'- 

fluorophenvlcarboxyamido-3-a2abicvclof3.1.0lhexane1ethvn-2-Piperidone 
15 trifluoroacetate salt 

To a solution of the compound from example 3 (300 mg, 0.46 mmol) and 

triethylamine (0.26 ml, 4 mole equivalents) in methylene chloride (15 ml) was 

added 4-fluorobenzoyl chloride (0.07 ml, 1.2 mol equivalents). The mixture was 

stirred at room temperature overnight. The reaction mixture was diluted with 

20 methylene chloride and washed with water (2 x 20 ml). The organic layer was 
dried over magnesium sulphate, filtered under reduced pressure and the solvent 
removed under reduced pressure to give a gum. This was chromatographed on 
silica eluting with solvent gradient of ethyl acetate to methanol, (90:10, 80:20) to 
give the title compound as a gum (100 mg). TLC R F = 0.1-0.2 (silica, ethyl 

25 acetate.methanol, 90:10 by volume). LRMS m/z = 544 (M+1 ) + . Found: C.56.06; 
H f 4.83; N.5.99. C29H32FCI2N3O2 monotrifluoroacetate salt. 0.02 ethyl acetate 
requires C f 55.76; H.4.71; N ( 6.22%. 1 H-NMR (CDCI 3 ) 5 = 0.2-0.3(m,2H), 0.4- 
0.5(m,2H), 0.9-1. 1(m ( 1H), 15(s,2H), 1.6-1 .9(m ( 3H), 1.9-2.1(m,1H), 2.1-2.3(m,6H), 
2.85-3.0(m,3H), 3.1-3.2(m,1H), 3.5(d,2H), 3.8(d,1H), 7.1-7.3(m ( 2H), 7-7.4(m,1H), 

30 7.5-7 .7(m,2H), 7.85-7.9(m f 2H) f 8.3(d,1H) ppm. 
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EXAMPLE 9 

5-f3.4-DichloroDhenvn-1-ben2vl-5-f2-f1a.5a.6a-6-moroholino-3* 
azabicvclor3.1 .Olhexanel ethvl)-2-piperidone 
5 A solution of 1 -benzyl-S-tS^-dichlorophenyO-S-formylmethyl-Z-piperidone 
(0.28 g, 0.75 mmol) (see preparation 6) and 1a,5a,6a-6-morpholino-3- 
azabicyclo[3.1.0]hexane (0.14 g, 0.83 mmol) (see preparation 4) in 
tetrahydroforan was stirred for 45 minutes. Sodium triacetoxy- 
borohydride (245 mg f 1.5 mol equivalents) and glacial acetic acid (0.045 ml) were 

1 0 added and the mixture stirred for one hour. Saturated sodium carbonate solution 
(10 ml) was added and the mixture extracted with ethyl acetate (3 x 20 ml). The 
combined organic extracts were dried over magnesium sulphate, filtered, and the 
solvent removed from the filtrate under reduced pressure. The residue was 
chromatographed on silica gel eluting with a solvent gradient of methanol to 

15 methylene chloride (2:98, 5:95, 10:90), to give the title compound (235 mg). TLC 
Rf = 0.3 (silica, methanohdichloromethane 10:90 by volume). Found: C f 66.14; 
H.6.88; N.7.81. C29H35CI2N3O2 requires C.65.89; H,6.67; N.7.95%. 1 H-NMR 
(CDCI3) 8 = 1.4 (s,2H), 1.5-1.8(m,2H), 1.9-2.1 (m,4H), 2.1-2.25(m,4H), 2.3- 
2.4(m,1H), 2.5-2.6(m,4H), 2.7-2.9(m,2H), 3.3(d,1H) t 3.5-3.6(d,1H), 3.6-3.7(m f 4H), 

20 4.35(d,1H), 4.85(d,1H), 6.8(m,1H), 7.1(m,1H), 7.2-7.5(m,6H) ppm. 

EXAMPLE 10 

3(S)'1-CvdoDroDvlmethvl-3-(3.4-dichlorophenvl)'3-f2-na,5a.6a-6-morpholino-3- 

azabicvclor3.1.01hexanelethvl)alutarimide 
25 The procedure of Example 1 was followed starting with 3(S)-1- 

cycloproplymethyl-3-(3 t 4-dichlorophenyl)-3-formylmethyl-glutarimide (see 

preparation 7) to yield the title compound as a gum. Found: C,60.71 ; H,6.24; 

N f 7.20. C26H33CI2N3O3. 0.5 H 2 0 requires C t 60.58; H.5.54; N,8.15%. 1 H-NMR 

(CDC! 3 ): 0.25-0.55(m,4H), 1.1-1.3(m,H), 1.5-1.6(m,8H), 1.8-2.0)(m ; 2H), 2.1- 
30 2.7(m,11H), 2.9-3.0(m,2H), 3.6-3.65(m,4H), 3.7-3.8(m,2H) t 7.0-7,05(m,1H), 7.35- 

7.4(m,2H). 
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PREPARATION 1 
1-BenzvloxvcarbQ nvl-1a,5a.6a-6-t-butoxvcarbonvlamino-3- 
azabicvclofai .0]hexane 

5 Benzylchloroformate (1 .1 0 ml, 7.8 mmol) was added to an ice-cooled 
solution of 1a,5a,6a-6-t-butoxycarbonylamino-3-a2abicyclo[3.1.0]hexane (1.4 g, 
7.1 mmol) (prepared as described in WO93/18001) and triethylamine (1.1 ml, 7.8 
mmol) in dichloromethane (35 ml). The reaction was stirred for one hour and then 
water was added, the organic layer was washed with water, dried over magnesium 
1 0 sulphate, filtered and the solvent removed under reduced pressure to give the title 
compound as a gum (3.0 g). TLC R F = 0.6 (silica, methanol: dichloromethane 
5:95 by volume). LRMS m/z = 350(MNH 4 ) + . 1 H-NMR (CDCI 3 ) 6 = 1.4(s,9H), 
1.7(s,2H), 2.3(s,1H), 3.5(m,2H), 37(m,2H), 4.6(m,1H), 5.1(s,2H), ^(m.SHJppm. 

15 PREPARATION 2 

1-Benzvloxvcarbo nvl-1a.5cx.6a,6-amino-3-azabicvclor3.1.01hexane 

Hydrogen chloride gas was bubbled through a solution of the compound 
from preparation 1 (3.0 g) in ethyl acetate (40 ml) with ice-cooling. After one hour 
the ethyl acetate was evaporated and the residue partitioned between methylene 

20 chloride and 10% sodium carbonate solution. The organic layer was dried over 
magnesium sulphate, filtered, and the solvent removed under reduced pressure to 
give an oil, (1.4 g). TLC R F = 0.3 (silica, methanokdichloromethane 5:95 by 
volume). 1 H-NMR (CDCI 3 ) 5 = 1.7(s,1H), 1.9(s,3H), 2.1(s,1H), 3.4-3. 8(m,4H), 
5.1(171,21^, 7.3(m,5H) ppm. 

25 

PREPARATION 3 

1-BenzvloxYcarbonvl-1a.5a.6a.6-morpholino-3-azabicvdo[3.1.01hexane 

The compound from preparation 2 (1.4 g, 6,03 mmol), bis-chloroethylether 
(1,1 ml, 9.1 mmol), and tetra-n-butylbromide (200 mg) were refluxed together in a 
30 solution of dioxan (30 ml) and 2N sodium hydroxide solution for 1 8 hours. After 
this time further bis-chloroethyl ether (1 .1 ml) was added reflux continued for a 
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further 18 hours followed by the addition of a further portion of bis- 
chloroethylether (11 ml) and further reflux for 1 8 hours. The dioxan was 
evaporated under reduced pressure and the residue partitioned between 
methylene chloride and water. The organic layer was separated, dried over 
magnesium sulphate, filtered and the solvent removed under reduced pressure. 
The residue was chromatographed on silica using a gradient elution of methylene 
chloride to methanol (98:2, 95:5), to give the product fractions as an oil which 
crystallised on standing. (0.68 g). TLC R F = 0.5 (silica, 
methanotdichloromethane 5:95 by volume). LRMS m/z = 303 (m+1) + . 
1 H-NMR(CDC1 3 ) 8=1.5(s,1H), 1.8(m,2H), 2.5-2.6(m,3H), 3.4-3.5(m,2H), 3.5- 
3.7(m,7H), 5.1(s,2H),.7.3(m,5H) ppm. 

PREPARATION 4 
1a.5a.6a.6>morpholino-3-azabicvclof3.1.01hexane 

A solution of the compound from preparation 3 (0.65 g, 2.1 mmol) in ethanol 
(50 ml) was added to 5% palladium on carbon (300 mg) and the mixture stirred 
under an atmosphere of hydrogen at 345 kPa (50 psi) and at room temperature 
for 18 hours. The catalyst was removed by filtration and the solvent removed 
under reduced pressure to give an oil (0.35 g) which crystallised on standing 
overnight 1 H-NMR(CDCI 3 ) 5 = 1.5-1.6(m ( 3H), 2.2-2.4(br,s,1H), 2.5-2.6(m,4H) ) 
2.9-3.1 (m,4H),3.6-3.8(m,4H). 

PREPARATION 5 

5(S)-1-Cvcio proDvlmethvl-5-(3.4-dichlomphenvn-5-formvlmethvl-2-pip eririnnP 
( a ) 4(SM-Cvano ^f3.4-dichlorophenvn-5-n,3-dioxolan--2-vnDentan-1-Qin arid 
To a 1.0 M solution of lithium hexamethyldisilylazide in tetrahydrofuran 
4.69 1) at 5°C under nitrogen was added a solution of 3,4 
dichlorophenylacetonitriie (750 g, 4.28 moles) in tetrahydrofuran (750 ml), 
dropwise, over 45 minutes. The reaction was allowed to stir for 2 hours. 
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The reaction was cooled again to 5°C and a solution of 2-bromomethyl-1,3- 
dioxoiane (782 g) in tetrahydrofuran (780 ml) added, dropwise, over fifty 
minutes. Tetra-n-butylammonium iodide (75 g) was added, portionwise, and 
the mixture allowed to warm to room temperature and stirred for 14 hours. 
The reaction was then cooled to 5° C and a 1 .OM solution of lithium 
hexamethyldisilylazide in tetrahydrofuran (4.69 I) was added, dropwise. The 
mixture was stirred for 5 hours at room temperature. The solution was 
cooled to 5°C and a solution of ethyl 3-bromopropanoate (840.5 g) in 
tetrahydrofuran (840 ml) was added, dropwise, over 50 minutes. The 
reaction was allowed to stir for 14 hours. The reaction mixture was cooled to 
5°C and 1.5M aqueous sodium hydroxide solution (containing 255 g of 
sodium hydroxide) was added and the mixture stirred for 14 hours. Water (5 
I) was added and the mixture was extracted with ethyl acetate (2x3 1). The 
combined organic extracts were washed with water (2x5 I). The aqueous 
phases were combined and acidified to pH1 using 5N aqueous hydrochloric 
acid solution and then extracted with ethyl acetate (2 x 3 I). The combined 
organic extracts were concentrated under reduced pressure to a 
concentration of approximately 3 ml/g based on the theoretical yield of the 
product. 

The above experimental procedure was then repeated on an identical scale. 
To the combined organic solutions from both reactions was added 
(S)-(-)-alpha-methylbenzylamine (1 .1 3 kg) and the mixture stirred for 14 
hours. The thick slurry was then stirred with cooling in an ice-bath for 2 
hours, filtered, the solid washed with ethyl acetate (2x11) and then dried 
under reduced pressure at 35°C to give 1 .85 kg of material. 
A portion of this material (1.34 kg) was dissolved in a mixture of butanone 
(2 I) and water (503 ml) that was heated under reflux. A further portion of 
butanone (4.7 I) was added and the solution was allowed to cool slowly to 
room temperature overnight. The resulting solid was filtered, washed with 
butanone (2x11) and dried under reduced pressure at 35 °C for 10 hours to 
give 563 g of material (93.8%). A further recrystallisation from 
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butanone/water gave the title compound as a (S)-(-)-alpha- 
methylbenzylamine salt in 99.8% yield. To a stirred solution of this salt in 
ethyl acetate and water was added 5N aqueous hydrochloric solution until 
5 pH1 was achieved. The mixture was stirred for a further 30 minutes, the 
layers separated and the aqueous phase extracted with ethyl acetate. The 
combined organic layers were washed with water and the solvent removed 
by evaporation under reduced pressure to give the title compound. 
1 H-NMR (CDCI3): 5 = 2.05-2.35(m,4H), 2.4-2.65(m,2H), 3.7-4.0(m t 4H) f 4.75- 
10 4.85(m,1H), 7.25-7.55(m ( 3H), 9.9(s,br.,1 H.acid) ppm. 

(b) 5(S)-5-f3.4-DichloroDhenvlV5-f1.3-dioxolan-2-vlmethvn-2(1H^-DiDeridone 
To a solution of the above compound (13.5 g, 39.22 mmol) in glacial acetic 
acid (130 ml) was added platinum oxide (1 .21 g) and the mixture stirred 

1 5 under an atmosphere of hydrogen at 41 4 kPa (60 psi) and at room 

temperature for 17 hours. The catalyst was removed by filtration and a 
further portion of platinum oxide (1.21 g) added. The reaction mixture was 
then stirred under an atmosphere of hydrogen 414kPa (60 psi) and at room 
temperature for 48 hours. The catalyst was removed by filtration and the 

20 solution concentrated under reduced pressure. The residue was dissolved 
in ethyl acetate (80 ml) and washed with saturated aqueous sodium 
bicarbonate solution (2 x 75 ml). The organic phase was then separated and 
the solvent removed under reduced pressure. The resulting solid was stirred 
in a solution of hexane (20 ml) and ethyl acetate (20 ml) for 2 hours at 0°C 

25 and then filtered off to give the title compound (8. 1 5 g). 

1 H-NMR (CDCI 3 ): 6 = 1.85-1.95(m,1H), 2.0-2.25(m,4H), 2.35-2.4(m l 1H) l 
3.45-3.55(m,1H), 3.65-3.75(m,2H), 3.8-3.9(m,3H), 4.35-4.4(m,1H) t 
e.lSfs.brJH), 7.2-7.45(m,3H) ppm. 
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(°) 5(S)-1-CvdoDroDvlmethvl-5-f 3,4-dichloroDhenvn-5-M.3-diaxolan-2-vlmfith Y l)- 
2-piperidone 

To a solution of the above compound (38.6 g, 117 mmol) in dimethyl 
sulphoxide (190 ml) was added potassium hydroxide (19.7 g) and the 
mixture stirred at room temperature for 20 minutes. 
Bromomethylcyclopropane (17.37 g) was then added over 20 minutes and 
the reaction stirred for a further 140 minutes. The reaction was poured into 
a mixture of ice (100 g) and water (900 ml) and the mixture extracted with 
dichloromethane(2x400mt). The combined organic layers were washed 
with water (400 ml) and the solvent removed under reduced pressure to give 
the title compound (45.4 g). 

1 H-NMR (CDCIs): 5 = 0.3-0.4(m,2H), 0.55-0.65(m,2H), 1.05-1.15(m,1H), 1.9- 
1.95(m,1H), 2.0-2.25(m,4H), 2.35-2.45(m,1H), 3.15-3.2(m,1H), 3.5- 
3.55(m,2H), 3.65-3.75(m,2H), 3.9-4.0(m,3H), 4.35-4.4(m,1H), 7.2-7.5(m,3H) 
ppm. 

( d ) 5fSW1-Cvclop ropvlmethvt-5-f3.4-dichlorophenvl)-5-formvlmethYl-?- 
piperidone 

To a solution of the above compound of (73.16 g, 1 90 mmol) in 
tetrahydrofuran (730 ml) at 5° C was added 5N aqueous hydrochloric acid 
solution (730 ml) over 20 minutes. The reaction mixture was stirred at room 
temperature for 17 hours. The tetrahydrofuran was removed under reduced 
pressure, the residue diluted with water (200 ml) and extracted with ethyl 
acetate (2 x 500 ml). The combined organic layers were then washed with 
water (500 ml) and the solvent removed under reduced pressure to give the 
title compound (62.1 g). 

1 H-NMR (CDCI 3 ): 5 = 0.25-0.35(m,2H), 0.55-0.65(m,2H), 1.05-1.1(m,1H), 
2.15-2.25(m,3H), 2.35-2.5(m,1H), 2.65-2.75(m,1H), 2.95-3.05(m,1H), 3.15- 
3.2(m,1H), 3.45-3.6(m,2H), 3.95-4.0(m,1H), 7.2-7.45(m,3H), 9.5(s,1H) ppm. 
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PREPARAT10N 6 
1-Ben2vl-5-f3.4-dichloroDhenvh-5-formvlmethvl-2-piDeridone 

The procedure of preparation 5 was followed using benzylbromide in step (c) 
5 instead of bromomethylcyclopropane and omitting the salt resolution in step (a), to 
give the title compound as a gum. LRMS m/z=376(m+1) + . 1 H-NMR 8=2.1- 
2.3(m,3H). 2.4-2.55(m,2H), 2.6(dd,1H), 2.85(dd, 1H), 3.4(d, 1H), 3.75(d, 1H), 4.45, 
(d, 1H), 4.8(d, 1H), B.85(m, 1H), 7.25-7.4(m, 7H) ppm. 

10 PREPARATION 7 

3fS)-1-Cvclopropvlmethvl-3-f3.4-dichlorophenvft-3-formvlmethvl-qlutarimide 

(a) 3fSV3-Allvl-3-a.4-dlchlorophenvlW1 Htalutarimide 

A solution of 4(S)-4-Cyano-4-(3,4-dichlorophenyI)hept-6-enoic acid (3.4 g, 
11.4 mmol), formic acid (4 ml), and hydrochloric acid (2 ml) in dimethylformamide 

15 (23 ml) was heated at 145°C for 48 hours. The solution was cooled to room 
temperature and water (50 ml) added. The mixture was basified using 15% 
aqueous sodium carbonate solution until an oily precipitate formed and then 
extracted with ethyl acetate (2 x 50 ml). The combined organic phases were dried 
over anhydrous sodium sulphate, filtered and the solvent removed under reduced 

20 pressure to give an oil which was purified by flash column chromatography on 
silica gel using hexane:ethyl acetate (3:1 , by volume) as eluant to give the title 
compound (1.62 g). TLC Rf = 0.87 (silica, ethyl acetate:hexane 1:3, by volume), 
m.p. = 137-138°C. [a] 25 = 178° (c = 0.00034). 

589 

25 

(b) 3fS)-3-AllvM-cvclopropylmethvl-3-f3.4-dichlorophenvnQlutarimide 

The above product (0.77 g, 2.59 mmol) was reacted with bromomethyl- 
cyclopropane (276 nl 1.1 mol. equiv.) following the procedure of Preparation 5{c) 
to yield the 1-cyclopropylmethyl derivative (0.68 g). LRMS m/z = 352 (M+1)*. TLC 
30 Rf 0.47 (silica, diethyletherrhexane 1:1 by volume). 
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(c) 3fS)-1-CvcloDr oDvlmethvl-3-f34-dichlorophenvn-3-formvlmethvi-alutarimide 

into a solution of the above compound (717 mg, 1.82 mmol) in methanol (40 
ml) under nitrogen at -78°C was bubbled ozone at a rate of 50 ml/min (using a 
5 charge of 1 ,5A to generate ozone from oxygen) for twenty minutes. After this time 
the amperage was reduced to zero and oxygen bubbled through the reaction at a 
rate of 5 ml/min for ten minutes. The oxygen supply was then removed and a 
solution of dimethylsulphide (1.33 ml) in methanol (5 ml) was added dropwise and 
the reaction left to warm to room temperature for eighteen hours. The solvent was 

1 0 removed under reduced pressure and the reaction mixture partitioned between 
ethyl acetate (30 ml) and water (30 ml). The organic layer was dried over 
anhydrous magnesium sulphate, filtered and the solvent removed under reduced 
pressure to give the title compound (630 mg) which was used without further 
purification. TLC Rf = 0.18 (silica, diethyl ethenhexane 1:1 by volume). LRMS 

15 m/z = 354(M+1). 



i 
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CLAIMS 



1 . A compound having the formula: 



0. 




5 



FT 



|3 



R 



10 



(I) 



or a pharmaceutically acceptable salt thereof, wherein: 

R 1 is d-C 6 alky!, C 3 -C 7 cycloalkyl, C 3 -C 7 cycloalkyI(CrC 4 )alkyl, aryl or aryl- 
(CrC 4 )alkyl; wherein the CrC 6 alkyl group is optionally substituted by one or more 
fluorine atoms and the C3-C7 cycloalkyl or C3-C7 cycloalkyl(C r C 4 )alkyl group is 
15 optionally substituted in the cycloalkyl ring by up to two substituents each 
independently selected from halo, C r C 4 alkoxy or halo(C r C 4 )alkoxy; 

R 2 is phenyl optionally substituted with one or two halo substituents or is 
indolyl, thienyl, benzothienyl, or naphthyl; 

R 3 is NH 2 , -NR 4 S0 2 (CVC 6 alkyl), -NR 4 S0 2 aryl, -NR 4 S0 2 N(R 4 ) 2l 
20 -NR^Ofd-Ce alkyl), -NR 4 CO aryl or a group of the formula: 



25 wherein W is O, NR 5 , CH(OH), CHC0 2 H. CHN(R 4 ) 2 , CHF, CF 2l C = O or CH 2 ; 
R 4 is H or C r C 6 alkyl; 

R 5 is H, C r C 6 alkyl, C 3 -C 7 cycloalkyl, C3-C7 cycloa)kyl(C r C 6 )alkyl, C 2 -C 6 
alkanoyl, C 4 -C a cycloalkanoyl, C3-C7 cycloalkyl(C 2 -C 6 )alkanoyl, aryl CO-, 
C r C 6 alkyl S0 2 -, (R 4 ) 2 NS0 2 -, C3-C7 cycloalkyl SO r , C3-C7 cycloalkyl(C r C 6 )- 
30 alkyl S0 2 - or aryl S0 2 -; 

X is CH 2 or C = 0; 

m is 0, 1 or 2 with the proviso that m is not 0 when W is NR 5 , C=0, or O; 
and n is an integer of from 1 to 4. 



— N 
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2. A compound as claimed in claim 1 wherein X is CH 2 and R 1 is 
cyclopropylmethyl or benzyl, 

3. A compound as claimed in claim 1 or claim 2 wherein R 2 is 3,4- 
5 dichlorophenyl. 

4. A compound as claimed in any one of claims 1 to 3 wherein n is 2. 

5. A compound as claimed in any of claims 1 to 4 wherein R 3 is morpholino, 
methanesulphonylamino, pentafluorophenylsulphonyl, fluorophenylsulphonyl, or 
fluorophenylcarboxamido. 

1 0 6. The compound 5(S)-5-(3,4-dichlorophenyl)-1 -(cyclopropylmethyl)-5-(2- 
[1a t 5a,6a,6-morpholino-3-azabicyclo[3.1.0]hexane]ethyl)-2-piperidone. 
7> A process for preparing a compound having the formula (I) as defined in 
claim 1 by reductive amination of a compound of the formula: 



15 



3 2 (C n -C 3 alky!ene)CHO 

x 



20 



(") 



where R 1 , R 2 and X are as previously defined for a compound of the formula (I), 
25 and a compound of the formula:- 




or an acid addition salt thereof, where R 3 is as previously defined for a compound 
of the formula (I), in the presence of a reducing agent and optionally in the 
presence of an acid. 
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8. A pharmaceutical composition comprising a compound of the formula (I) as 
claimed in any one of claims 1 to 6, or a pharmaceutical^ acceptable salt thereof, 
together with a pharmaceutical^ acceptable diluent or carrier. 
5 9. The use of a compound of the formula (I), as claimed in any one of claims 1 
to 6 or a pharmaceutical^ acceptable salt thereof or pharmaceutical composition 
thereof for treating or preventing inflammatory diseases such as arthritis, 
psoriasis, asthma or inflammatory bowel disease; central nervous system 
disorders such as anxiety, depression, dementia or psychosis; gastro-intestina) 

10 disorders such as functional bowel disease, irritable bowel syndrome, gastr- 
oesophageal reflux, faecal incontinence, colitis or Crohn's disease; urogenital tract 
disorders such as incontinence orcystisis; pulmonary disorders such as chronic 
obstructive airways disease; allergies such as eczema, contact dermatitis or 
rhinitis; hypersensitivity disorders such as to poison ivy; peripheral neuropathies 

15 such as diabetic neuropathy, neuralgia, causalgia, painful neuropathy, burns, 
herpetic neuralgia or post-herpetic neuralgia; cough or acute or chronic pain. 
1 0. A method of treatment of a human for treating or preventing inflammatory 
diseases such as arthritis, psoriasis, asthma or inflammatory bowel disease; 
central nervous system disorders such as anxiety, depression, dementia or 

20 psychosis; gastro-intestinal disorders such as functional bowel disease, irritable 
bowel syndrome, gastro-oesophageal reflux, faecal incontinence, colitis or Crohn's 
disease; urogenital tract disorders such as incontinence or cystisis; pulmonary 
disorders such as chronic obstructive airways disease; allergies such as eczema, 
contact dermatitis or rhinitis; hypersensitivity disorders such as to poison ivy; 

25 peripheral neuropathies such as diabetic neuropathy, neuralgia, causalgia, painful 
neuropathy, bums, herpetic neuralgia or post-herpetic neuralgia; cough or acute 
or chronic pain which comprises treating said human with an effective amount of a 
compound of the formula (I) or with a pharmaceutical acceptable salt thereof as 
claimed in any one of claims 1 to 6. 
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